TITT i F T^WP INV FNTTON 
SEMICONDUCTOR DEVICE HAVING PROTECTION CIRCUIT 
IMPLEMENTED BY BIPOLAR TRANSISTOR FOR DISCHARGING 
STATIC CHARGE CURRENT AND PROCESS OF FABRICATION 

FTFT n OF T HE INVENTION 
This invention relates to a semiconductor integrated circuit device and a 
process for fabricating a semiconductor integrated circuit device and, more 
particularly, to a semiconductor integrated circuit device having a protection 
circuit implemented by a bipolar transistor and a process for fabricating it. 
PF S<^RTPTinN OF THF RFT ATRD ART 
The integration density of a semiconductor integrated circuit device has 
been increased, and, accordingly, the circuit components have been miniatur- 
ized. Circuit components of an integrated circuit are usually isolated as 
shown in figure lA. The standard isolation is achieved by an insulating layer 
50 grown along a boundary area between n-type impurity regions formed in a 
p-type silicon substrate 52. However, the standard isolation can not suffi- 
ciently isolate the miniature circuit components, and a shallow trench isola- 
tion is used for the miniature circuit components. The shallow trench isola- 
tion is shown in figure IB. The p-type silicon substrate 52 is partially re- 
moved so that a shallow trench 51 is formed in the boundary area between the 
n-type impurity regions. Though not shown in figure IB, the shallow trench 
is filled with insulating material, and the insulating material isolates the n- 
type impurity regions from one another. 
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Static charge is liable to destroy the miniature circuit components, and a 
protection circuit is incorporated in the semiconductor integrated circuit de- 
vice against the static charge. A lateral n-p-n type bipolar transistor is a cir- 
cuit component of the protection circuit, and has an n-type emitter region and 
an n-type collector region laterally spaced from each other. The surface por- 
tion of the p-type silicon substrate serves as a p-type base region between the 
n-type emitter region and the n-type collector region. Thus, the lateral n-p-n 
□ type bipolar transistor has the structure similar to that shown in figure IB. 

I When the n-type emitter region is isolated from the n-type collector region by 

! y 

^ means of the shallow trench isolation, the insulating material in the shallow 

ii trench increases the effective base width, and the wide base width causes the 

U clamp voltage to be high. As a result, when the static charge is applied, the 

13 lateral n-p-n type bipolar transistor does not promptly turn on, and the static 

I charge tends to reach the circuit components of an integrated circuit to be 

protected by the protection circuit. 

A solution is proposed in Proceedings of EOS/ ESD Symposium, 1992, 
pages 277 to 288. Figure 2 illustrates the prior art vertical diode disclosed in 
the Proceedings. Reference numeral 70 designates a p-type silicon substrate. 
Two n-type wells 71 and 72 are formed in the p-type silicon substrate 70, ad 
are spaced from one another. Shallow trench isolations 73 are employed in 
the prior art vertical diode. A single n-type impurity region 74 and two n- 
type impurity regions 74 are formed in a surface portion of the n-type well 71 
and a surface portion of the other n-type well 72, respectively, and a p-type 
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impurity region 75 is formed in a surface portion of the n-type well 72 be- 
tween the n-type impurity regions 74 in the n-type well 72. A p-type impurity 
region 75 is further formed in a surface portion of the p-type silicon substrate 
70 between the n-type well 71 and the other n-type well 72. The shallow 
trench isolations 73 are provided between the p-type silicon substrate 70, the 
n-type impurity region 74, the p-type impurity region 75, the n-type impurity 
region 74, the p-type impurity region 75, the n-type impurity region 74 and 
the p-type silicon substrate 70. 

A power supply line PW is connected to the n-type impurity regions 74 in 
the n-type well 72, and the power voltage is applied to the n-type well 72. A 
ground line GND is connected to the p-type impurity region 75 between the n- 
type wells 71 and 72, and the p-type silicon substrate 70 is biased to the 
ground level. An input terminal 60 is connected to the p-type impurity region 
75 in the n-type well 72 and the n-type impurity region 74 in the n-type well 
71. The p-type impurity region 75 and the n-type well 72 form a diode 61, 
and the p-type silicon substrate 70 and the n-type well 71 form another diode 
62. Thus, the two vertical diodes 61 and 62 are connected between the input 
terminal 60 and the power supply PW and between the input terminal 60 and 
the ground line GND as shown in figure 3, and offer discharging paths to the 
power supply line PW and the ground line GND. 

When static charge is applied to the input terminal 60, the prior art vertical 
diodes 61/ 62 discharge the static charge current to the power supply line PW 
or the ground line GND, and protect circuit components such as metal- 
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insulator-semiconductor type field effect transistors against the static charge. 
However, the prior art vertical diodes 61/ 62 hardly protect miniature metal- 
insulator-semiconductor type field effect transistors against the static charge. 
In fact, the static charge is liable to damage the gate insulators of the minia- 
ture metal-insulator-semiconductor type field effect transistors. 

<;ttmmarv of thh invrntion 

It is therefore an important object of the present invention to provide a 
protection circuit, which effectively prevents circuit components designed 
under 0.5 micron rules or less from static charge. 

It is also an important object of the present invention to provide a process 
for fabricating the protection circuit. 

The present inventor contemplated the problem inherent in the prior art 
vertical diodes 61/ 62, and noticed that the miniaturization resulted in the gate 
voltage higher than the clamp voltage of the vertical diodes 61/ 62. In detail, 
figure 4 illustrated the voltage-to-current characteristics of the prior art verti- 
cal diodes 61/ 62. When static charge was applied to the input terminal 60, 
the vertical diode 62 started to flow static charge current at a breakdown volt- 
age VI, and the amount of current was increased together with the static volt- 
age. When the prior art semiconductor integrated circuit was designed under 
0.5 micron rules, the breakdown voltage VI was 8 volts to 10 volts, and was 
approximately equal to the breakdown voltage of metal-insulator- 
semiconductor type field effect transistors of an input circuit to be protected. 
If the static charge current was Id, the gate voltage was increased to V2, and 
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the gate voltage V2 was higher than the breakdown voltage VI. Thus, the 
voltage V2 higher than the breakdown voltage VI was applied to the gate 
electrodes of the metal-insulator-semiconductor type field effect transistors, 
and the high voltage V2 was liable to damage the gate insulators of the field 
effect transistors. 

To accomplish the object, the present invention proposes to reduce a base 
resistance. 

In accordance with one aspect of the present invention, there is provided a 
semiconductor integrated circuit device fabricated on a semiconductor sub- 
strate of one conductivity type, and the semiconductor integrated circuit devi- 
ce comprises shallow trench isolating regions having a first depth and formed 
in surface portions of the semiconductor substrate for defining active areas 
therebetween, a terminal formed on the semiconductor substrate and unavoid- 
ably applied with static charge, a circuit component of an integrated circuit 
formed in one of the active areas and connected between the terminal and a 
first source of constant voltage and a protection circuit protecting the circuit 
component from the static charge, formed in at least the aforesaid one of the 
active areas and including a first impurity region of the aforesaid one con- 
ductivity type formed under the aforesaid at least one of the active areas and 
serving as a base region of a bipolar transistor, a second impurity region of 
the other conductivity type opposite to the aforesaid one conductivity type 
formed in a surface portion of the first impurity region, connected to the ter- 
minal and serving as one of an emitter region and a collector region of the bi- 
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polar transistor and a third impurity region of the other conductivity type 
connected to a second source of constant voltage, formed in another surface 
portion of the semiconductor substrate in such a manner that static charge 
flows through the first impurity region without substantial resistance due to 
the shallow trench isolating regions and serving as the other of the emitter re- 
gion and the collector region of the bipolar transistor. 

In accordance with another aspect of the present invention, there is 
provided a process for fabricating a semiconductor integrated circuit device 
comprising the steps of a) preparing a semiconductor substrate having one 
conductivity type, b) introducing a first dopant impurity into a surface portion 
of the semiconductor substrate for forming a first impurity region of the other 
conductivity type opposite to the one conductivity type, c) introducing a sec- 
ond dopant impurity into a surface portion of the first impurity region for 
forming a second impurity region shallower than the first impurity region and 
having the one conductivity type, d) forming a groove shallower than the sec- 
ond impurity region in a surface portion of the second impurity region, e) 
filling the groove with insulating material for forming a shallow trench iso- 
lating region and f) introducing a third dopant impurity into another surface 
portion of the second impurity region for forming a third impurity region of 
the one conductivity type shallower than the second impurity region, the first 
impurity region, the second impurity region and the third impurity region 
serving as an emitter region, a base region and a collector region of a vertical 
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bipolar transistor for discharging static charge current applied to a terminal 
connected to the third impurity region. 

pp iPF nFSrRTPTI ON OFTHH DRAWINGS 
The features and advantages of the semiconductor device and the method 
will be more clearly understood from the following description taken in con- 
junction with the accompanying drawings in which: 

Fig. lA is a cross sectional view showing the standard isolation incorpo- 
rated in the semiconductor integrated circuit; 

Fig. IB is a cross sectional view showing the prior art shallow trench iso- 
lation; 

Fig. 2 is a cross sectional view showing the structure of the prior art verti- 
cal diode disclosed in the Proceedings; 

Fig. 3 is a circuit diagram showing the equivalent circuit of the prior art 
vertical diode; 

Fig. 4 is a graph showing the voltage-to-current characteristics of the prior 
art vertical diode; 

Fig. 5 is a cross sectional view showing the structure of a protection cir- 
cuit according to the present invention; 

Fig. 6 is a circuit diagram showing an equivalent circuit of the protection 

circuit; 

Fig. 7 is a view showing current paths created in the protection circuit and 
potential drop at an output terminal; 
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Fig. 8 is a cross sectional view showing current paths created in the prior 
art lateral bipolar transistor and a circuit component to be protected; 

Fig. 9 is a view showing a distribution of current density in an n-p-n type 
vertical bipolar transistor obtained through a computer simulation; 

Fig. 10 is a view showing a distribution of current density in an n-p-n type 
lateral bipolar transistor obtained through the computer simulation; 

Fig. 11 is a cross sectional view showing the structure of another protecti- 
on circuit according to the present invention; 

Fig. 12 is a cross sectional view showing the structure of yet another pro- 
tection circuit according to the present invention; 

Fig. 13 is a cross sectional view showing the structure of still another 
protection circuit according to the present invention; 

Fig. 14 is a cross sectional view showing the structure of yet another pro- 
tection circuit according to the present invention; 

Fig. 15 is a circuit diagram showing a protection circuit for an input/ out- 
put circuit; 

Fig. 16 is a circuit diagram showing the protection circuit for another in- 
put/ output circuit; and 

Figs. 17A to 17F are cross sectional views showing a process for fabricat- 
ing a protection circuit according to the present invention. 

DRSCRTPTTON OF THF PRFFRRRFD RMRODIMENTS 
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First Fmh odiment 

Figure 5 illustrates the structure of a part of a semiconductor integrated 
circuit device assigned to a protection circuit embodying the present invention 
and a circuit component to be protected. Reference numeral 1 designates an 
output terminal. The protection circuit is connected between the output ter- 
minal 1 and a ground line GND in parallel to the circuit component to be 
protected as shown in figure 6. The protection circuit is implemented by an 
n-p-n type vertical bipolar transistor 2, and the circuit component to be pro- 
tected is an n-channel enhancement type field effect transistor 3 serving as a 
part of a complementary field effect transistor, i.e., a series combination of 
the n-channel enhancement type field effect transistor 3 and a p-channel en- 
hancement type field effect transistor (not shown). An internal circuit (not 
shown) supplies an output signal to the gate electrode of the n-channel en- 
hancement type field effect transistor 3 and the gate electrode of the p- 
channel enhancement type field effect transistor, and the n-channel enhance- 
ment type field effect transistor and the p-channel enhancement type field ef- 
fect transistor complementarily turn on and off so as to selectively connect 
the output terminal 1 to the ground line GND and the power supply line (not 
shown). 

A p-type semiconductor substrate 10 is used for the semiconductor inte- 
grated circuit device. An n-type deep well 11 is formed in the p-type semi- 
conductor substrate 10, and a p-type well 12 is formed on a central area of the 
upper surface of the n-type deep well 11. An n-type well 14 is formed on a 
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peripheral area of the upper surface of the n-type deep well 11, and form a p-n 
junction with the p-type well 12. A heavily-doped n-type impurity region 15 
is formed over the n-type well 14. 

The shallow trench isolation is employed in the semiconductor structure. 
Shallow trench isolating regions 13/ 16 are formed inside the heavily-doped 
n-type region 15. and penetrate into the p-type well 12. The shallow trench 
isolating regions 13/ 16 are deeper than the heavily-doped n-type impurity re- 
gion 15, and reach the inner side surface of the n-type well 14. 

Heavily-doped n-type source/ drain regions 17a/ 17b are formed in the p- 
type well 12, and are spaced from each other. Lightly-doped n-type source/ 
drain regions 18a/ 18b are formed inside of the heavily-doped n-type source/ 
drain regions 17a/ 17b, respectively, and are contiguous to the heavily-doped 
n-type source/ drain regions 17a/ 17b. A surface portion of the p-type well 12 
serves as a channel region, and the channel region spaces the lightly-doped n- 
type drain region 17a from the lightly-doped n-type source region 17b. The 
channel region and the lightly-doped n-type source/ drain regions 18a/ 18b are 
covered with a gate insulating layer 19, and a gate electrode 8 is formed on 
the gate insulating layer 19. The inner ends of the lightly-doped n-type 
source/ drain regions 18a/ 18b are self-aligned with both side surfaces of the 
gate electrode 8, respectively. Side wall spacers 9 are formed on both sides 
of the gate electrode 8, and the inner ends of the heavily-doped n-type source/ 
drain regions 17a/ 17b are self-aligned with the outer ends of the side wall 
spacers 9, respectively. The output terminal 1 is connected to the heavily- 
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doped n-type drain region 17a, and the heavily-doped n-type source region 
17b and the heavily-doped n-type impurity region 15 are connected to the 
ground line GND. 

The heavily-doped n-type source/ drain regions 17a/ 17b, the lightly-doped 
n-type source/ drain regions 18a/ 18b, the channel region, the gate insulating 
layer 19, the gate electrode 8 and the side wall spacers 9 as a whole constitute 
the n-channel enhancement type field effect transistor 3. 

On the other hand, the heavily-doped n-type drain region 17a and the p- 
type well 12 serve as a collector region and a base region of the n-p-n type 
vertical bipolar transistor 2. The n-type deep well 11, the n-type well.l4 and 
the heavily-doped n-type impurity region serve as an emitter region. Thus, 
the heavily-doped n-type drain region 17a, the p-type well 12, the n-type deep 
well 11, the n-type well 14 and the heavily-doped n-type impurity region 15 
form in combination the n-p-n type vertical bipolar transistor 2. 

The n-type deep well 11 forms a part of the emitter region, and is provided 
just under the heavily-doped n-type drain region 17a serving as the collector - 
region. For this reason, collector current easily flows through the p-type well 
12 or the base region, and the base resistance is much smaller than that of the 
prior art lateral bipolar transistor. This means that the n-p-n type vertical bi- 
polar transistor 2 can flow the electric current much more than the prior art n- 
p-n type lateral bipolar transistor. 

The heavily-doped n-type drain region 17a serves as the emitter region, 
and, accordingly, is shared between the n-channel enhancement type field ef- 
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feet transistor 3 and the n-p-n type vertical bipolar transistor 2. This results 
in reduction of occupation area assigned to the n-p-n type vertical bipolar 
transistor 2. 

When excess voltage is applied to the output terminal 1, the protection cir- 
cuit behaves as follows. The excess voltage causes the punch-through phe- 
nomenon to take place between the heavily-doped n-type drain region 17a and 
the heavily-doped n-type source region 17b, and punch-through current flows 
as indicated by arrow ARl (see figure 7). The excess voltage further makes 
the n-p-n type vertical bipolar transistor 2 turn on. As described hereinbefore, 
the n-p-n type vertical bipolar transistor 2 flows a large amount of electric 
current from through the p-type well 12 to the n-type deep well 11, and 
further flows from the n-type deep well 11 through the n-type well 14 and the 
heavily-doped n-type impurity region 15 to the ground line GND as indicated 
by arrow AR2. Thus, the n-p-n type vertical bipolar transistor 2 rapidly re- 
duces the potential level at the output terminal 1 and, accordingly, in the 
heavily-doped n-type drain region 17a by virtue of the large amount of the 
discharge current (see plots PLl), and prevents the n-channel enhancement 
type field effect transistor 3 from destruction. 

If the prior art lateral bipolar transistor 15/ 12/ 17a is associated with the 
n-channel enhancement type field effect transistor 3 as shown in figure 8, the 
amount of discharge current AR3 is much smaller than the amount of punch- 
through current AR4 due to the large base resistance, and the n-channel en- 
hancement type field effect transistor is much liable to be damaged. 
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The present inventor evaluated the protection circuit through a computer 
simulation. The protection circuit was implemented by the n-p-n type vertical 
bipolar transistor 2 shown in figure 5, and the n-channel enhancement type 
field effect transistor 3 is connected in parallel to the n-p-n type vertical bi- 
polar transistor 2. The present inventor simulated the behavior of the n-p-n 
type vertical bipolar transistor 2 under application of a static charge pulse for 
a human body model. The static charge pulse was assumed to be 2000 volts. 
After the n-p-n type vertical bipolar transistor 2 turned on, the current density 
was distributed at the maximum discharge current as shown in figure 9. From 
the computer simulation, it was understood that the n-p-n type vertical bipolar 
transistor 2 flew the discharge current as much as the n-channel enhancement 
type field effect transistor 3. 

The present inventor further simulated the behavior of an n-p-n type later- 
al bipolar transistor under the same conditions. The n-type well 14 and the n- 
type deep well 11 were deleted from the structure shown in figure 5 as similar 
to the prior art n-p-n type lateral bipolar transistor. The current density was 
distributed as shown in figure 10. The n-p-n type lateral bipolar transistor 
flew the discharging current less than that of the n-channel enhancement type 
field effect transistor 3. Comparing figure 9 with figure 10, it was understood 
that the emitter region under the collector region was effective against the de- 
struction of the circuit component to be protected. 

In the first embodiment, the p-type well 12 and the heavily-doped n-type 
drain region 17a serve as a first impurity region and a second impurity region, 
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respectively. The heavily-doped n-type impurity region 15, the n-type well 
14 and the n-type deep well 11 as a whole constitute a third impurity region. 
Second Embodiment 

Figure 11 illustrates a protection circuit incorporated in another semicon- 
ductor integrated circuit device embodying the present invention. The semi- 
conductor integrated circuit is fabricated on a p-type semiconductor substrate 
20, and shallow trench isolating regions 21 offer electrical isolation. An n- 
type deep well 22 is formed in the p-type semiconductor substrate 20, and an 
n-type well 23 is in contact with an upper surface of the n-type deep well 22. 
Heavily-doped n-type impurity regions 24a/ 24b are formed in surface por- 
tions of the p-type semiconductor substrate 20, and are spaced from each 
other. The heavily-doped n-type impurity region 24b is held in contact with 
the n-type well 23, and is electrically connected to the n-type deep well 22. 
Lightly-doped n-type impurity regions 25a and 25b project from the inner 
ends of the heavily-doped n-type impurity regions 24a/ 24b, respectively, and 
form the LDD (Lightly-Doped Drain) structure. A surface portion of the p- 
type semiconductor substrate 20 between the lightly-doped n-type impurity 
regions 25a and 25b serves as a channel region, and a gate structure is formed 
on the channel region. The gate structure includes a gate electrode 25, side 
wall spacers 27 on both sides of the gate electrode 25 and a gate insulating 
layer 28 beneath the gate electrode 26. The lightly-doped n-type impurity re- 
gions 25a/ 25b are self-aligned with the gate electrode 26, and the heavily- 
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doped n-type impurity regions 24a/ 24b are self-aligned with the side wall 
spacers 27. 

An output terminal 1 is connected to the heavily-doped n-type impurity 
region 24a, and the heavily-doped n-type impurity region 24a serves as a 
drain region. On the other hand, the other heavily-doped n-type impurity re- 
gion 24b is connected to a ground line GND, and serves as a source region. 
The heavily-doped n-type impurity regions 24a/ 24b, the lightly-doped n-type 
impurity regions 25a/ 25b, the gate insulating layer 28, the gate electrode 26 
and the side wall spacers 27 as a whole constitute an n-channel enhancement 
type field effect transistor, which in turn forms a part of a complementary 
output transistor. An output signal is supplied from an internal circuit (not 
shown) to the gate electrode 26. 

The heavily-doped n-type impurity regions 24a and 24b are shared be- 
tween the n-channel enhancement type field effect transistor and an n-p-n ty- 
pe vertical bipolar transistor 29. The heavily-doped n-type impurity region 
24a and the p-type semiconductor substrate 20 thereunder serve as a collector 
region and a base region, respectively, and the n-type deep well 22, the n-type 
well 23 and the heavily-doped n-type impurity region 24b form in combina- 
tion an emitter region. 

The protection circuit is implemented by the n-p-n type vertical bipolar 
transistor 29, and the n-p-n type vertical bipolar transistor 29 behaves as 
similar to the n-p-n type vertical bipolar transistor 2. The n-p-n type vertical 
bipolar transistor occupies an area narrower than that of the n-p-n type verti- 
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cal bipolar transistor 2, because both of the heavily-doped n-type impurity re- 
gions 24a/ 24b are shared between the n-channel enhancement type field ef- 
fect transistor and the n-p-n type vertical bipolar transistor 29. 

In the second embodiment, the p-type well 20 and the heavily-doped n- 
type impurity region 24a serve as a first impurity region and a second impu- 
rity region, respectively. The heavily-doped n-type impurity region 24b, the 
n-type well 23 and the n-type deep well 22 as a whole constitute a third impu- 
rity region. 
Third Fm hodiment 

Figure 12 illustrates a protection circuit incorporated in yet another semi- 
conductor integrated circuit device embodying the present invention. The 
protection circuit implementing the third embodiment is similar to the first 
embodiment except the n-type deep well 11. Other layers and regions are la- 
beled with the same references designating corresponding layers and regions 
of the first embodiment without detailed description. 

Comparing figure 12 with figure 5, it is understood that the n-type deep 
well 11 is deleted from the structure of the third embodiment. The heavily- 
doped n-type impurity region 15 and the n-type well 14 as a whole constitute 
an emitter region of an n-p-n type bipolar transistor serving as the protection 
circuit. The n-type well 14 is deeper than the shallow trench isolating region 
13, and the base resistance is less than that of the prior art lateral bipolar tran- 
sistor. Although the n-p-n type bipolar transistor has the base region larger in 
base resistance than that of the n-p-n type vertical bipolar transistor 2, the 
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fabrication process is simpler than that for the n-p-n type vertical bipolar 
transistor 2. 

In the third embodiment, the p-type well 10 and the heavily-doped n-type 
drain region 17a serve as a first impurity region and a second impurity region, 
respectively. The heavily-doped n-type impurity region 15 and the n-type 
well 14 as a whole constitute a third impurity region. 
Fourth Emhodiment 

Figure 13 illustrates a protection circuit incorporated in still another semi- 
conductor integrated circuit device embodying the present invention. The 
protection circuit implementing the fourth embodiment is similar to the sec- 
ond embodimem except the n-type deep well 22. Other layers and regions are 
labeled with the same references designating corresponding layers and re- 
gions of the second embodiment without detailed description. 

Comparing figure 13 with figure 11, it is understood that the n-type deep 
well 22 is deleted from the structure of the fourth embodiment. The heavily- 
doped n-type impurity region 24b and the n-type well 23 as a whole constitute 
a collector region of an n-p-n type bipolar transistor serving as the protection 
circuit. The heavily-doped n-type impurity region 24a and the p-type semi- 
conductor substrate 20 serve as an emitter region and a base region, respec- 
tively. The shallow trench isolating regions 21 are outside of the heavily- 
doped n-type impurity regions 24a/ 24b, and any shallow trench isolating re- 
gion is not formed in the base region. For this reason, the base resistance is 
less than that of the prior art lateral bipolar transistor. Although the n-p-n 
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type bipolar transistor has the base region larger in base resistance than that 
of the n-p-n type vertical bipolar transistor 29, the fabrication process is sim- 
pler than that for the n-p-n type vertical bipolar transistor 29, because any n- 
type deep well is required. 

In the fourth embodiment, the p-type well 20 and the heavily-doped n-type 
impurity region 24a serve as a first impurity region and a second impurity re- 
gion, respectively. The heavily-doped n-type impurity region 24b and the n- 
type well 23 as a whole constitute a third impurity region. 
Fifth Rmb odiment 

Figure 14 illustrates a protection circuit incorporated in yet another semi- 
conductor integrated circuit device embodying the present invention. The 
protection circuit implementing the fifth embodiment is similar to the second 
embodiment except the n-type well 23. Other layers and regions are labeled 
with the same references designating corresponding layers and regions of the 
second embodiment without detailed description. 

The n-type well 23 is deleted from between the n-type deep well 22 and 
the heavily-doped n-type impurity region 24b. The n-type deep well 22 is 
elongated, and is connected to the ground line GND. For this reason, only the 
n-type deep well 22 serves as an emitter region of an n-p-n type vertical bi- 
polar transistor serving as the protection circuit. Although the elongated n- 
type deep well 22 increases the collector resistance, the fabrication process is 
simpler than that of the second embodiment, because the n-type well 23 is not 
required. 
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In the fifth embodiment, the p-type well 20 and the heavily-doped n-type 
impurity region 24a serve as a first impurity region and a second impurity re- 
gion, respectively. The n-type deep well 22 serves as a third impurity region. 
Sixth Emhodiment 

In the above-described embodiments, the protection circuit is connected to 
the output terminal 1. However, the protection circuit according to the pre- 
sent invention is available for an input/ output circuit. 

Figure 15 illustrates the protection circuit for an input/ output circuit. An 
input/ output terminal 31 is connected to an input inverter 34, and an n-p-n 
type bipolar transistor 32 and an n-channel enhancement type output transis- 
tor 33 are connected in parallel between the input/ output terminal 31 and a 
ground line GND. The n-channel enhancement type output transistor 33 is an 
open-drain transistor. Any one of the n-p-n type bipolar transistors imple- 
menting the first embodiment to the sixth embodiment is used as the n-p-n ty- 
pe bipolar transistor 32. 

Figure 16 illustrates the protection circuit for another input/ output circuit. 
The input/ output circuit includes an input inverter 34 and a push-pull circuit. 
The n-channel enhancement type field effect transistor 33 and a p-channel en- 
hancement type field effect transistor 35 form in combination the push-pull 
circuit. The p-channel enhancement type field effect transistor 35 is connect- 
ed between a power supply line and the input/ output terminal 31. 
Process 
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Figures 17A to 17F illustrate a process for fabricating a protection circuit 
according to the present invention. The process starts with preparation of the 
p-type semiconductor substrate 10. The p-type semiconductor substrate 10 is 
doped with boron at 1 X 10^^ / cm^ Phosphorous is ion implanted into the 
surface portion of the p-type semiconductor substrate 10 (see figure 17A), and, 
thereafter, is treated with heat. The phosphorous forms the n-type well 11 at 
1 XIO"/ cm', and the n-type well 11 is of the order of 2 microns deep. 

Subsequently, boron is ion implanted into the n-type well 11 (see figure 
17B), and, thereafter, is treated with heat. The boron forms the p-type well 
12 at 1 X lO'V cm^ and the p-type well 12 is 1 micron deep. 

Subsequently, a trench is formed in the p-type well 12 by using a photo- 
lithography and an etching technique, and is 0.4 micron deep. The trench is 
filled with silicon oxide, and the silicon oxide in the trench forms the shallow 
trench isolating region 16 as shown in figure 17C. 

Subsequently, photo-resist is spread over the entire surface of the p-type 
well 12, and is baked so as to form a photo-resist layer. A pattern is trans- 
ferred from a photo-mask (not shown) to the photo-resist layer, and a latent 
image is formed in the photo-resist layer. The latent image is developed, and 
a photo-resist ion-implantation mask 40 is left on the p-type well 12. The 
area assigned to the n-channel enhancement type field effect transistor is cov- 
ered with the photo-resist ion-implantation mask 40. Phosphorus is ion im- 
planted into the exposed area as shown in figure 17D, and forms the n-type 
well 14 concurrently with other n-type wells for p-channel field effect tran- 
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sistors. The n-type well 14 is doped at 2 X 10'Vcm^ and is 1 micron deep. 
After the ion-implantation, the photo-resist ion-implantation mask 40 is 
stripped off. 

Subsequently, the gate insulating layers are grown, and polysilicon is de- 
posited over the entire surface. The polysilicon layer is patterned into the 
gate electrodes 8 by using the photo-lithography and an etching technique. 
Using the gate electrodes 8 as an ion-implantation mask, phosphorous is ion 
implanted into the p-type well 12, and forms the lightly-doped n-type impu- 
rity regions 18a and 18b as shown in figure 17E. In this instance, the lightly- 
doped n-type impurity regions 18a and 18b are doped at 2X10'V cm^ and are 
0.1 micron deep. 

Subsequently, the side wall spacers 9 are formed on both side surfaces of 
each gate electrode 8. The side wall spacers 9 may be formed as follows. 
Silicon oxide is deposited over the entire surface of the resultant semicon- 
ductor structure, and the silicon oxide layer is anisotropically etched so as to 
be formed into the side wall spacers 9. 

A photo-resist ion-implantation mask (not shown) is formed on the area 
assigned to the p-channel field effect transistors. Using the side wall spacers 
9 as an ion-implantation mask, arsenic is ion implanted, and forms the heav- 
ily-doped n-type source/ drain regions 17a and 17b. The heavily-doped n- 
type source/ drain regions 17a and 17b are doped at 1 X 10'"/ cm^ , and are 0.2 
micron deep. The photo-resist ion-implantation mask is stripped off, and a 
photo-resist ion-implantation mask (not shown) is formed on the area as- 
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signed to the n-channel enhancement type field effect transistor. Using the 
side wall spacers 9 as an ion-implantation mask, boron difluoride (BF2O is ion 
implanted into the n-type well so as to form p-type source/ drain regions for 
the p-channel field effect transistors. The resultant semiconductor structure is 
shown in figure 17F. The photo-resist ion-implantation mask is stripped off. 

As will be understood from the foregoing description, the fabrication 
process shown in figures 17A to 17F is analogous to a process for fabricating 
a complementary transistor, and the n-p-n type bipolar transistor is fabricated 
during the fabrication of the field effect transistors. 

The bipolar transistor according to the present invention has the base re- 
gion lower in resistance than the base region of the prior art lateral bipolar 
transistor. Even though the bipolar transistor is designed under 0.5 micron 
rules, the bipolar transistor discharges a large amount of static charge current, 
and prevents the circuit component to be protected from the damage. 

Although particular embodiments of the present invention have been shown 
and described, it will be apparent to those skilled in the art that various 
changes and modifications may be made without departing from the spirit and 
scope of the present invention. 

The protection circuit according to the present invention may be connected 

to an input terminal. 

The protection circuit may be implemented by a p-n-p type bipolar tran- 
sistor. The circuit component to be protected may be a p-channel type field 
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effect transistor. The emitter region and the collector region of the bipolar 
transistor may be exchangeable. 
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